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Sažetak- Efikasnost brzog prijevoza bolesnika u Hrvatskoj cestovnim transportom vozilima hitne medicinske pomoći nije na zadovoljavajućoj razini u svim područjima. Najveći problemi koji se javljaju u pružanju hitne medicinske pomoći su velike gužve na cestovnim prometnicama, izoliranost stanovništva na otocima, slaba naseljenost, nedostupnost pojedinih krajeva te posebni zahtjevi vezani uz turizam. Rezultati sadašnje organizacije su neadekvatna vremena stizanja na mjesto nesreće, zakašnjelo pružanje prve pomoći i kasnija specijalistička obrada s posljedicama čestog gubitka života i zdravlja. 

Trenutno stanje hitne medicinske pomoći ukazuje na potrebu organiziranja bržeg i efikasnijeg sustava povezivanja svih dijelova Hrvatske. Kao rješenje se nameće primjena zrakoplovstva kao najbržeg, a time i najboljeg načina transporta ozlijeđenih, bolesnih i drugih osoba s potrebama hitnog transporta. Uporaba jednog vojnog helikoptera ne zadovoljava potrebe Republike Hrvatske. Jedan od uvjeta pristupanja Hrvatske u EU je i reguliranje hitne medicinske evakuacije. Autori analiziraju  nedostatke postojećeg stanja i predlažu varijante nove organizacije sustava hitne medicinske pomoći.
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Summary- The efficacy of rapid patients' transportation in Croatia by road emergency vehicles is not at the satisfactory level in all areas. The biggest problems that exist in providing services of emergency medical assistance are traffic jams in road communications, isolation of population on the islands, low population density, inaccessibility of certain regions and special requests regarding tourism. The results of present organisation are inadequate arrival time at the accident site, overdue first aid and subsequent treatment by medical specialists with consequences of losing lives and deterioration of health.

The current state of emergency medicine suggests a necessity for organising faster and more efficient system that will connect all areas of Croatia. A solution may be to use emergency medical air assistance as the fastest and therefore the best way of transporting the injured, the diseased and other persons requiring emergency transportation. The usage of one military helicopter does not satisfy the requirements of the Republic of Croatia. One of the conditions of the Croatian integration into the European Union is the regulation of emergency evacuation. The authors analyse the insufficiencies of the present state and suggest variants of new organisation of the emergency medicine system. 
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I. INTRODUCTION

The emergency air assistance means the action of air traffic means in cases of emergency, both regarding human lives and any other natural disaster. Emergency air assistance can be divided according to the purpose into the search and rescue service (SAR), fire-fighting and emergency medical service (EMS). In this paper the attention will be focused on the emergency medical air assistance service.

Traffic accidents are the inevitable by-product of traffic and traffic is a very important branch of the Croatian economy, owing to its geographic position and characteristics. Traffic also has its dark side. It influences the life and health of people both indirectly, by polluting the environment, and directly, by increasing the number of traffic accidents. The injured persons in traffic accidents are mainly evacuated by roads. The road network covers 20,000 kilometres of categorised roads out of which only 2% are modern motorways and freeways. This is one of the causes of the great number of traffic accidents and incidents that happen, along with the low culture of the drivers and poor technical condition of vehicles. At the moment there are 60 locations that can be considered as dangerous spots, and half of them are the so-called "black spots". About 22,000 persons are involved in traffic accidents annually, out of which 77% suffer minor injuries, 20% serious injuries, and 3% get killed. The losses caused by traffic incidents and accidents are estimated at 1.5 to 2% of the overall gross national income, out of which 60% is related to the involved persons, and 40% is material damage. The construction of modern traffic routes that we are witnessing reduces the possibility of accidents. However, the future is expected to bring an increase in the density of traffic on the traffic corridors through Croatia and the seasonal tourist migrations of population, leading to an increase in the number of traffic accidents.

II. CONDITION OF HEMS (Helicopter Emergency Medical Service) operative IN CROATIA

The current condition of emergency medical aid indicates the need to organise a faster and more efficient system of connecting all parts of Croatia. The establishment of emergency medical air assistance is a possible solution since it is the fastest and therefore the best way of transporting the injured, the diseased and other persons in need of emergency transport. The arguments in favour of organising emergency aviation service are the result first of all of a great number of traffic accidents in which the condition of the injured requires emergency transport to a hospital.

The basic assumption for the development of emergency medical air assistance in Croatia is the estimate of the number and technical characteristics of the fleet, training of medical and flight crews and locating of operative centres of the HEMS teams. The experiences of countries which have such emergency medical air assistance service already organised, indicate the necessity of establishing a service of a unique dispatcher centre, organisation of professional team and fleet that will meet all the requirements of safe and efficient transport of the injured.

In Croatia, only one military helicopter Mil Mi-8 MTV1 is used for the needs of emergency medical aviation, which has been adapted to the medical needs. However, this type of helicopter, compared to those that are used in other countries, is not at the satisfactory level. The application of a military helicopter for medical purposes cannot meet at a satisfactory level the specific requirements of emergency medical aid regarding fast intervention, since at every takeoff the medical equipment needs to be loaded, the cabin disinfected and the medical and flight crew mobilised. 

[image: image8.wmf]60,2

13,3

26,7

0

20

40

60

80

100

%

accident

site

transport

30 days

of medical

treatment


Figure 1: Helicopter Mil Mi-8 MTV1

Source: Bogović, I., Popović, B., Pašagić, J.: Organization of helicopter emergency medical service's usage system, ICTS 2002, Portorož, p.86

Some of the disadvantages of using this type of helicopter for medical purposes is also the fact that noise and vibrations cannot be insulated from the passenger-accommodating space, there is no air-conditioning, there is no adequate medical equipment, and due to the large diameter of the main rotor, it needs a lot of landing space. It also lacks the communication devices for direct communication with ambulance service, police, fire fighters, etc. Apart from technical drawbacks, there are also many irregularities related to the regulations. This helicopter does not comply with the European civilian flight regulations (JAR-OPS 3) and is not civil registered resulting in insurance problems.
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Figure 2: Flow of information and alerting of the helicopter crew of HRZ

Source: Đelagić, I., Križanec, M.: Ustrojavanje nacionalne službe traganja i spašavanja (Organising National Search and Rescue Service), Hrvatski vojnik, pp 26-31, 2002.

Figure 2 shows the procedure that needs to be followed when alerting the helicopter crew and the flow of communication between the levels in HRZ (Croatian Air Force). The diagram shows all the complexity of the communication and information system. It may also be concluded that the need for prompt action, which is of crucial importance in EMS operations, is greatly endangered due to the bureaucratic formalities.

Considering the location of operative centres, attention should be focused first of all on the uniform coverage of the whole territory and on the reduction of the Critical Rescue Time. The efficiency itself of the emergency aviation can be increased if the radii of the operative activities overlap. However, in order to establish such a system, it is necessary to have 8-9 operative centres with the same number of helicopters, which means considerable investments. Taking into consideration that currently only one helicopter is involved for the area of whole Croatia, it is obvious that the number of eight to nine centres is difficult to realise. For satisfactory functioning of the HEMS system, 3-4 helicopters would be necessary, located at strategic locations. The optimal location of operative centres is in the major Croatian cities in which medical service is at the highest level. By analysing the Croatian territory, the logical locations would include Zagreb, Rijeka, Split (in case of three operative centres) and Dubrovnik.

Apart from locating the operative centres, it is necessary to organise a unique communication-information system with a unique dial number. Currently, there is no unique dial number for emergency situations (112). Instead, the existing emergency services - police, fire fighters and ambulance have different dial numbers (92, 93, and 94 respectively). 
III. NEED FOR EMERGENCY MEDICAL AIR ASSISTANCE

In March 2001, the Croatian Government accepted a National Program for Road Traffic Safety. The program was brought according to the European model, and the basic indicator for the improvement of the situation in traffic is the number of fatalities per 100,000 inhabitants. This number is 15 today in Croatia. The objective of the program is to reduce the number of fatalities by 3 to 4% annually. The long-term objective of the program is 9 killed and it is expected to be realised in 2010. The European Union forecast for this year amounts to 7 killed per 100,000 inhabitants.

Graph 1 shows the number of the injured and the fatalities in the Republic of Croatia during the last 10 years. There is a tendency of slight decline in the number of fatalities until 1998, when it levels off at about 650. The decline in the number of fatalities is a positive thing, but the number is still high and unacceptable. Almost at the same time, there is a significant increase in the number of the injured. This can be ascribed to the slight improvement in the standards and more favourable bank loans which provide the possibility of buying newer vehicles. The safety elements, passive and active ones, provide better protection of passengers and thus also reduction in the number of fatalities, but increase in the number of injuries.
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Graph 1 – Number of the injured and the fatalities in traffic in the Republic of Croatia from 1992 to 2002.

Source: Bilten o sigurnosti cestovnog prometa 2002, Ministarstvo unutarnjih poslova, Republika Hrvatska,    Kabinet ministra. Odjel za analitiku i razvoj.

According to the definition of the World Health Organisation, fatal injuries in traffic are those that cause death at the site of the accident, during transport to the medical institution, or within 30 days following the accident. In the Republic of Croatia, 60.2% of the total number of fatalities die at the site of the accident, 13.3% during transport to the medical institution and 26.7% within the first 30 days of medical treatment. If the first medical assistance to the seriously injured is administered within 14 minutes following the accident, only 20% of the total number of the treated victims suffer from a number of further complications that cause death. In case of first aid administered 28 minutes following the accident, the consequences and complications, including death, occur in 80% of the cases.

Precisely the fact that almost three thirds of the total number of fatalities die before arriving to the medical institution provides the main argument in favour of the introduction of the emergency medical air assistance.

Graph 2 – Time of death

Source: Bulletin on Road traffic safety 2001, Ministarstvo unutarnjih poslova, Republika               Hrvatska, Kabinet ministra. Odjel za analitiku i razvoj.

Along the primary task of saving lives, the means of emergency aviation also reduce the costs of medical treatment, insure sooner recovery of the injured and their faster return to normal life, and all this results in positive economic effect, multiply exceeding the costs of HEMS-exploitation.

All that has been mentioned indicates the need for faster arrival to the accident site and administering medical aid and faster transport to adequate medical institution, as well as earlier start of treatment. Here also the poor condition of surface traffic infrastructure has to be mentioned, causing difficulties to conventional forms of emergency medical assistance. The relation between land and air distance, both in rural and urban systems of emergency medical assistance can be calculated from the equation: land mile = 1.3 x air mile. The equation is true for distances of up to 40 miles.

Emergency medical aviation, first of all helicopters increase the efficiency of the response to urgent medical cases and provide faster access to big medical centres that insure specialist and sub-specialist medical treatment. The experiences of countries that have a well developed system of emergency medical air assistance show that almost immediate availability of medical staff and fast transport following the injury reduce the mortality by 35 to 52%. This fact means that 226 to 336 lives would have been saved in the Republic of Croatia during the year 2001.
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Emergency medical aviation does not refer only to treating the victims in traffic accidents. The specific geographic position and the shape of Croatia, the relatively small area of the territory with a long border, one third of the whole area being territorial waters with 1185 islands, out of which 67 populated, traffic isolation of some regions, represent an additional reason for the introduction of emergency medical air assistance. There are many cases and diseases that are successfully treated only if the treatment starts immediately. Acute cardiovascular incidents, different types of traumas, burns, acute abdomen condition, poisoning, births, complications in pregnancy or in giving birth - these are only some of those cases in which urgently started medical treatment is of vital importance. The mountainous regions of Croatia are during winter, due to weather conditions greatly isolated regarding traffic, and helicopter is often the only means of transport that can reach those areas. The safety provided by medical helicopters is necessary in promoting life on the islands and in preventing unnecessary migrations of population into the big cities.

Every year Croatia faces a serious problem of negative population growth. This leads to the "tree of life" with high and widely networked tree top, great share of population of senior age. From the practical point of view, this means that the active working population has to allocate a high share of income for the senior persons not earning money. This in no way means that it would be better if the absolute number of senior persons were smaller, but rather if the population growth increased, thus reducing the relative number. Faster transport of the injured is extremely important in this respect.

Tourist orientation of Croatia implies the need to introduce helicopters into the system of urgent medical assistance. Besides agriculture and traffic, tourism is the primary economic branch. Using simple calculation, the more tourists the greater the number of medical interventions. The medical interventions required by tourists are almost always of the urgent type. The tourists bring along the medicine they need for their chronic diseases. It is difficult, almost impossible, to foresee the time an injury happens, or of acute cardio-vascular incidents, and other acute cases that require most urgent assistance. Croatia is attractive as a tourist country, not only because of the sea and the sun, but also because of the intact and wild nature. Nautical tourism, and then the growing number of extreme sports, such as paragliding (air gliding), rafting, mountain cycling, various endurance races. All these sports are related to the increasing number of injuries that happen mainly on inaccessible terrain. Unfortunately, every year there are several cases of death due to belated assistance, because of inaccessible terrain or accidents happening at sea. The majority of tourists come from the countries where medical transport by helicopters has at least a ten-year old history and being used to it and the existence of emergency air assistance gives them a feeling of additional safety.

IV. CHaraCteristiCS of HEMS heliCopterS

Minimum dimensions

The space in the helicopter has to be sufficient for a two-member crew, one medical specialist and at least one stretcher patient. There must also be room for medical equipment. Getting the stretcher patient in and out of the helicopter must run smoothly and should not cause any discomfort for the patient.

Maximum dimensions

The helicopter has to be as small as possible in order to land at as many sites as possible. This particularly refers to landing in urban areas which offer limited space and landing on the buildings of smaller hospitals that do not have a helipad.

Weight

The helicopter weight needs to be limited in order to improve the performance and reduce downwash. This may be a particular hindrance in the vicinity of the accident site and in built-up areas where there are usually many passive bystanders.

Vibrations

When transporting passengers, vibration should be reduced to as low a level as possible. The patients are already in a high stress situation and the influence of vibration may lead to deterioration. It has been proven that vibrations increase stress in patients.

Noise level inside the helicopter

All the negative effects of vibrations apply as well to noise. The condition of the patients is often such that they cannot wear ear protectors. Often, the only possible option is to sedate the patient in order to make them less aware of their surroundings (in case the patient has not been sedated already).

Noise level outside helicopter

Helicopters often land at sites where there are many people present. Helipads are usually located next to the hospitals or on the roof of the hospitals which are again located in built-up areas. Since helicopters take off and land frequently, great attention should be paid to reducing the level of noise they generate.

Safety measures

In designing the helicopters many safety measures have to be taken. For instance, the main rotor must be mounted high, the exhaust pipes must be diverted so that they do not interfere with normal rescue operations. The tail rotor has to be isolated (in a housing) in order to prevent bystanders and medical staff from being injured.

Start-up and shut-down time

Needless to say, extremely short start-up and shut-down times are essential in order to reach victims as quickly as possible and to transport them as fast as possible.

V. PROPOSAL OF AN EMERGENCY HELICOPTER FLEET APPLICABLE IN CROATIA
In planning the fleet, it is most important to determine the primary purpose of the means, and the experience shows that the efficiency of HEMS is optimised by organising professional service with a unique dispatcher management, and applying specialised means. In the calculation of the HEMS fleet special attention should be paid to the choice of the means, considering that their performance has to meet the specific requirements of individual operative regions. For the configuration characteristics, for the operative regions of higher altitudes the specific means of higher climbing speed and flight altitude should be selected, and for the weather conditions for operative areas of higher mean air temperatures the means of greater propelling power are necessary.

It may be expected in the future of Croatia that an advanced fleet of emergency helicopters will be established, that will be used for search and rescue services as well as for urgent medical assistance. By analysing the helicopter fleet used for these purposes in the world, it may be concluded that the optimal types of helicopters include: Eurocopter EC 145, Eurocopter EC 135 and McDonald Douglas MD900. Naturally, it would be best if the fleet consisted of the same type of helicopters in order to reduce the costs of maintenance and training.
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Figure 3: Helicopter Eurocopter EC 145

Source: http://www.airliners.net/search/photo.search?aircraftsearch=Eurocopter%20EC-145&distinct_entry=true
[image: image5.jpg]



Figure 4: Helicopter Eurocopter EC 135

Source: http://www.rotorhead.org/civilian/ec135.asp
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Figure 5: Helicopter McDonald Douglas MD900

Source: http://www.avia.russian.ee/vertigo/mcdonnel-900-r.html

VI.
CONCLUSION

The need for establishing an emergency medical air assistance system is obvious. One military aircraft used as assistance in the emergency medical system is not sufficient. Medical air assistance system in the Republic of Croatia does not exist. Establishing of such a system would not represent an additional cost but rather an improvement in the expected reduction in the number of fatalities and the costs of medical treatment. The indirect costs resulting from temporary or permanent working disability would be reduced as well. The humane effect regarding rescuing human lives is not easy to measure by the objective economic units, whereas the subjective character need not be specially stressed.

The system should be organised in accordance with the current European regulations of medical aviation. The equipment and the aircraft have to comply with the flight safety criteria and the possibility of providing full treatment to the injured and the diseased. It is necessary to shorten and simplify the helicopter alerting procedure and the arrival to the accident site.

Further analyses are necessary regarding costs related to the establishing of the system, purchase of the emergency aviation means and training of the medical staff. The costs are far from small, but apart from what has been mentioned, the existence of such a system in all the developed countries indicates the fact that the Republic of Croatia is in great need of such a system as well.
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